Abstract-The paper presents optimal solutions for Fourier theory [9]- [10]. Sets of non-linear transcendental eliminating harmonics from the output waveform of a equations are then derived, and the solution is obtained using multilevel staircase pulse-width modulation (PWM) method an iterative procedure, mostly by Newton-Raphson method with non-equal dc sources. Therefore, the degrees of freedom [2]. This eliminating selected order of harmonics while controlling the based on a combination of an interval-search procedure and fundamental for any number of levels and for any number of Newton's method is proposed to find all solutions to the switching angels is derived. It is confirmed that multiple nonlinear transcendental equations [12]. However, the independent sets of solutions exist and the ones that offer better method was only applied to the two-level inverters. relaxed to half-wave symmetry where all the even harmonics are zero but the harmonic phasing is free to vary. However,
possibility of high VA rating and low harmonic distortion However, as the number ofDC sources increases, the degrees w ritoutstemuslevf tansormers [3] .cturesarereportedint of the polynomials in these equations are large which Various multilevel inverters arreprte i e increase the computation difficulty and furthermore if one literature and the cascaded multi-cell inverter app ears t be wanted to apply this method to multilevel converter with superior to other multilevel inverters in application at high non-equal DC source which is always the case in most power rating [3] . It is worth noting that in most of the works app l th se of t sc aleats to be solved reported in the literature, the level of the dc sources was applrcatlons, the set of transcendental equations to be solved assumed to be equal and constant, which will probably not be h re e equations ise the capblt of the case in applications even if the sources are nominally contem poray ompte algebra. A new acti ni equal [3] .
elimination technique was recently introduced to the line Selective harmonic elimination (SHE-PWM) has been frequency method aiming to eliminate higher order of mainly developed for two-and three-level inverters in order hroisb ipygnrtn h poieo h to achieve lower total harmonic distortion (THD) 
where, Owing to the PWM waveform characteristics of odd function n =1,3,5,..., 2N -1, for single-phase system symmetry and half-wave symmetry, the output voltage can be n =1,5,7,..., 3N -2, for three-phase system and N is odd reduced to: n =1,5,7,..., 3N -1, for three-phase system and N is even solving various problems in the field of nonlinear The optimal switching angles are obtained by minimizing programming [16] . This direct search optimization procedure eqn. (4) when it is subject to the constraint of eqn. (6). is implemented as follows Consequently selected harmonics are eliminated. These 1-The best solution vector obtained from the first phase of switching angles are generated for different operating points the hybrid algorithm is used as an initial point ax(0) for and then stored in look-up tables to be used to control the phase-2 and an initial range vector is defined as inverter for certain operating point. R (0) =RM~F x Range (7) (0. a 1 <1X2 .< .a-<(N .-2) (6) Where, Range is defined as the difference between the upper and lower bound (the upper and lower bound for each assumed here that each individual inverter cell is operating at switching angle here are /2 and 0, respectively) and RMF is frequency of three times of the fundamental one. As a result, a range multiplication factor. Fig. 2 . It is confirmed that more than one set element-by-element multiplication operation, and of solutions are exist and for a certain range of ma (i.e. set 1, rand (1, n) is a random vector, whose element value 1.1< ma<1.94, set 2, l.l<ma<2.0 and set 3, varies from -0.5 to 0.5. 1.94 < ma < 2.0). As an example, an operating point when 3-For each feasible trail solution vector find objective ma = 1.48 was chosen to illustrate the effectiveness of the function value and find the trail solution set, which proposed method and the results (i.e. simulation and minimizes F(a) and equate it to a(0) as follows, experimental) are shown in Fig. 3 (a) three switching angles per-quarter cycle at output waveform In order to verify the validity of the proposed algorithm, a of each inverter cell. As a result there are nine degrees of program was developed using M\ATLAB 6.0 software freedom offering the elimination of eight low order of package [17] . The program is run for a number of harmonics and controlling the fundamental component. The independent trials. The proposed technique has been applied solution sets for the switching angles for a certain range of successfully to different cases in order to indicate its ma (set 1, 2. 1 < ma <2.9, set 2, 2.1 < ma <2.9 and set ruggedness. The simulation results are obtained accordingly 3, 2.92 < ma < 3.0 ) is illustrated in Fig. 4 . Fig. 5 (a) depicts using PSIM software package [18] . the output voltage waveform and its spectrum in Fig. 5 (b) A low-power laboratory five-level inverter prototype based where the absence of selected harmonics (3rd, 5th,. . , t 7h ) iS on the two IGBT H-bridges configuration was developed and clearly evident for the given fundamental value which is 2.90 tested to verify the feasibility and the validity of the p.u. It is worth noting that the most significant order of theoretical and the simulation findings. The pre-calculated harmonic appears in the output waveform is the 19th and once PWM signals are implemented using low-cost high-speed again it could be further shifted to the 31St if the three-phase Texas Instruments TMS320F2812 digital signal processor system was considered. U.1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2
In this case, two-cell inverter with different DC source Modulation index (ma) levels (i.e. V1 1, V2 0.80 p.u. ) was considered. It is Fig. 2 It is obviously found that set 1 performs better than set 2 [2] S. Siriroj, J. S. Lai and T. H. Liu "Optimum harmonic reduction with a for both case I and case II. Furthermore, it is noticed that the wide range of modulation indexes for multilevel inverters", in Conf
Rec. IEEE-IAS Annual Meeting, Rome, Italy, pp. 2094 -2099 higher the value of ma and the number of levels the lower the 2000.
THD.
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